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Abstract

‘1’his paper clcscribcs  a mcthoctology  dcvclopcd  at the Jet J’repulsion 1,abora.tory (JPI .),

and dc.signcc]  for the process of rcquircmcnts cng,inccring  and management. MY-STAR

provi(ics  techniques for specifying, rcfi[lirlg, allocating, basclining, sharing, cilanging,

storing, and reporting on rcquircnlcnts and re.quircmcnts metrics. in support of MY-

S“I”AI<, the tooi S’1’AI;R (System 1:01 “1’racing  anti Analyzing l;unctiona]  Rcquircmcnts)

has been prototypcd  by [he Ground Sys[cms Group (Software I’ro[iuct Assurance) as part

of the process assurance support to four different projects wi(hin the Ikcp Space Network

(IXN) at JPI.. l’hc results show that S“J’AIiJ< provicics  an cffcctivc  means for capturing in

one place  rcquircmcnts, while cnabiing  rc,fincmcnt,  analysis, traceability of test cases to

rcquircmcnts, and other trade-off a] tifacts  associatcci  with the specifications,

prioritization, allocation and planning of Iccluircmcnts. 1( (iocs so without the significant

overhead typically associated with knowlcd[:c-basc(i  systems.

lntroduct  ion

Software rcquircmcnts analysis in genera] is charactcrimd  by ( 1 ) icicntification  of users

needs, (2) ciocumcnta[ion  to ctcscribc the cxtcrnai behavior of ti~c to-bc-dcvclopcct  product

and :issociatcd  constraints to satisfy the users’ cximtc(i  ncccts, (3) anaiysis  an[i vaiiciation

of rcquircmcn[s, and (4) managing the evolution of usc.rs’ nc.ccis  and associated

m uirc.mcnts.i

h40rc.  t}lan often, rcquircmcnts arc fraglncntary,  ad(imss iligh-level functiona]itics,  haVC

solnc  kcy rcquircmcnts  nlissing, conta in  alnl)iguous, inconsistent or contmiictory

constraints, and may not address IIIC com IIcc.cis of the c.us[ol~~crs.



. .

Jk)rmal rcflllirclllcllts-el~  gi[~c.c[il]g has berm a rcc.ognimd  and growing part of systcm

cllsinc.cring. Allocation of re(Juirmcnts,  flowctown,  and rcquircnvmls  tl[iCillg  arc pml of

ll)isfol’Illal J)roccss.

‘I’Ilclcc]Llirclllcl~tc  llgillccrit~g  ]~locc.sst>cgills~~itl)  l>l]il(lillg  :i(l:itt{l~asc.  Next, the SystcIn

Jinginccr (S1{) may elect to drive a functional hierarchy and allocate rcquitcmcnts  to

func[iona] areas (i.e., systems or subsystems). ‘1’he. SJ { is now in the. position to cstabJisb

a tr:iccabJc  rcquircnlcnt  database., by associating rcquircmcnls  in a Jlarcnl/child

rcJationship, assigning kcywor(is  and attlibutm. Atlriblllcs lnay inc]llclc  Sourcc-of-

rcquircmcnt, Jlcscriptivc-tcxt, and13-iority.

Junctional Allocation it)volvcs  all()ca[it~g  J) SN-llc[w[}rk  Jc.(lLlircll~c~  ]ts(or Jcvcl-O):tt  the

root ICVC1 tc)()!~c orl~~orc  fllr]cli()l~al  alcass~lc}la  sfiicility(ics)  orI)SN-systcl~~ (s)(orlcvcl-

1). ‘1’his process is rcpcatccl  to tlm Iowcr lC.VCIS of tbc. JISN systcm bicrarchy.  in

performing this allocation, lllc SIi will need toc}la[lgc  tllcrc(]llilcll]  cllls (via additions,

deletions, ancUorcorrcctions).  I;orcasicr  rcfclcncing, each rcquircmcnt  shalJ bcuniquc]y

Iabclcd  (n]anuaJJy  or automatically). 3’o ensure unici[y  ofrcquirc.mcnt  JabcJing,  the

following mlcs aJ@y.

A (JcvcI-0) network rcquircmcnt  mL]st  bc labeled

NNN.n

whc,rc. NNN is tbc. acrony]n  of tbc mo(iulc or document, and n is a

numerical identifier scclucn(ial]y assigned to (I)c rcquircmcnt  upon rc]casc

(i.c, basc]ining).

A (Icvcl - J ) systcm rcc]uircmcn( must be Jabdcd

Sss.n
wJ]crc SSS is {l~c  acronym of the. IISN systc.m, and n is a numerical

idcntific.r  Scqllc.ntia]]y  assigned to the I’C(]llirCIllC1ll  upon rc]casc (1. c.,

basclining).

A (Ic.vcI-2)  subsystcm  rcquircmcnt  mus[ bc labclc.d

Sss. n

w})crc sss is the acronym of (Ilc I)SN sllbsys[mn,  and n is a numc.rical

ictcnlificr  scqucntial]y assig[lcd  to the. [c(]llilclllc.l~t  upon re.lease (i. e.,

basclining).



IIy convcn(ion,  cvc.ry rcc]uirclne.n[ stalcmcnt  will bc so rccognizcxi by its “shall”,

and will  bc uniquc]y  idcnlificd. ‘1’here is a 1-[()-1 rcla[ionsbip  bc[wccn  the

rc.quircmcnt  idcmtific.r  an(i tl)c para~raph  t]umbcr  associated with that rcquircnmt

Statclllcnt  ,

l;]owdown  consists of writing tbc rcquircllmts  for tbc lower clcmcnts  of tbc systcm  or

subsystem, in response 10 tbc allocation pmccss.

When a rcquircnwmt is a policy, constraint, or design  p,oal, (lx  S11 might choose (0

a]locatc it to onc or more specific functional areas. I{xpansion  is , howc.vcr, not nccde. d.

f<cquircmcnt s(atcnwnts  that belong to this category can bc. carried forward and

downward, but typically do not undcrg,o acceptance (csting. IYopcr mno[ation  i s

rccommcndcci,  to diffcrcntiatc such rcc]uilcnicnts  from those  that musl bc sut)jc.ctcd  to

forn]al acceptance testing.

Wbcm a network rcquircmc.nt  is allot.atc(i to a given systcm (or subsystem), tbc system (or

subsystcm) must have at least onc rcc]uirclllcnt  that responds to the allocation. If tbc Sli

dccicics thal no expansion is ncc(ic(i, the parent rcquircmcnt  must tbcn bc rc-stalcxi  in its

cn[ircty and with minimum editing change.

(’1’his later step is criticxd to ensuring tl~e rigor of rcquircmcnt  flow(iown  anti tbc

vcri fi abi i it y of its completeness. )

Similarly, when a systcm rccplircmcnt  is aliocatcd to a given subsystcm  (or assembly), tbc

subsystcln  (or assembly) must have at least onc rcquilcmcnt  that rcspon(is  to tbc.

a]iocation.

I;unctional  rcquircmcnts IIIL]S1 each have tile following quality attributes:

(a) complctc (i.e., intcrnal]y  consis(c.nt  and (ictailc.(i  cnoug,ll for furthc.r  analysis

and cosl estimating)

(b) unambiguous (i.e., limited to a sil)glc  ii~tcll~lct:ttiol~  of need)

(c) fcasib]c (i.e., implcmcntablc  wi[llin rcascmab]c or available rcsourccs)

(ci) tcstab]c (i.e., can bc [icmonstlatc(i,  inspcctcd, or rcf[]tcxi  by a finite.,  cost

effect i Vc ]NOCCSS)

(c) containing only onc rcquirclmnt statement an{i unic]ucly  i(icntific.ci.
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. .

(f) primi[izcd  (i.e., assigned a priori(y ICVC1)

(~) traccablc  (i.e., to a highc,r or lower rcquircmcnt  within a given hierarchy)

‘J’raccability

‘1’1 actability involves among  other things (he. answer 10 lhc following, [wo clucstions:

1. Arc all functions, stmcturc, a]~cl constraints traccc]  to rcquircmcnts and

vcJ’sa?

2. IS each rcquircmcnt stated in a mannc.r [ha[ can bc uniquely rcfercnccd in

Sllbolctinl-m  documents?

‘1’raccability  provides software dcvctopcrs with facilities to track the history of every

feature of a system; the impact of a change to this feature on the system design, safety,

cost and schcclu]c.  In cssencc  traccabili(y  provides [hc means for software ctcvclopcrs  to

prove to their customcxs or users (hat their I’c.quirclncnls  had been lllldCIStOOC]  and that the

dclivcml  product  meets their ncc(ts and satisfaction.

Rccluircmcnts  tracing consists of crc.sling associations:

(a) bctwccn  a parent rcquircmcnt  and its child rcquircmcwts;

(b) bc[wccn a set of rcquircmcnts  and one or more conlmon rc.quircmcnt-

attributes.

Onc.c. cstab]ishcct,  the requirements (iatabasc is “open” (i .c., it can be manipulated by

more than one vcnctor’s tool to yield ncw associations, static or clynamic).

‘1’hc m:ijol  restriction on cstablishin~  a pare.nt/child rcquircmcnt  relationship is that such a

relationship must not vio]a[c lhc eslablishcxl  fu[mtiona] hierarchy.

‘1’hc S1; must ensure that all systcm rc.quirclncnts  have been rcspondcct-to  in the lowcr-

lcvcl specifications.

‘1’hc Subsys[cm Ilnginccr (SS1 i) must cmsurc tlmt  al] subsystcm rcquircmcnts have been

responded-to in 11x2 lower-level specifications.
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S’J’AIUt

‘1’hc Systcm for’1’racing and Analyzing J;ullctional  l<c(llli!cl~~c~~ts  (S’l’AI:R) is a set of

tools and pmccdurcs,  which sc.rvc. the pllrposc  of storin~  lhc functional rccluircnv.31ts

gc.nclatcrt b y  the “I’clccollllllll llicatiolls  a n d  IIata Acquisit ion (’1’I)A/JISN)

systc111/sL113sy  s[cI]l cnginccrs into a database in such a way that: (a) they can bc readily

upda[cd  by (hc authors; (b) they c:in  bc tr:tcc.d up (o the.ir source.s, and cic)wn to their

IOwcr-lcvc]  components; (c) tbc ]:unctional  Rcquircmcnts  IJocumcnt  (lil<l~) database can

supporl all phases of the system life-cycle, by relating tbc functional rcquircmcnts  to

ot]lcl  tyJJcs of rcquircmcn[s (e.g., acccp[ance criteria), lo planning information (e.g.,

pllasc/builcl allocation), or to statlls-illforlll:iti[)ll (e.g., test-s[atus).

S’1’AI R has bczn cJcvc]opcct  tlsing dbasc 1 V as the da[abasc  tool an(i Word JVrfcct as the

rcpor[ing tool, within a l)OS-based, lflh4/f)(;-collll~:ltit]lc  environment. ‘1’hcsc  were

chosen  for the pilot as they rcpmscnt  the lnost commonly used tools  among  ‘I’DA/l XN

system cnginccrs (who arc PC, users) and will, tbcmforc,  require minimal trainin~.

S’I’AIW provides the Sli wit]] the mcchanislns [o build such a requirements database.

S’I’AI;R provides at least two ways of entering rcc]llirc~l~c[~ts-state.s~lc~~ts into the clatabasc:

a manual but dynamic (i.e., in(cractivc.) one, ald an automatic one.

(hltpllt

A sample output  of MY-STAR mcthoclo]op,y  and S’I’A1;R  too] is shown in I’ab]cs 1 -6

and ];igurc 1. Shown in ‘1’ab]c 1 is the functional rcquiremcnls  baseline with P]-? =

priority (A, 11, ~);  I)llASE  = phase or build,  and AI ,l,(KA’J’IC)N = allocation to a

particular assembly or subassembly.

“1’able 2 shows the functional rcquircnmnts  test plan matrix, whc.rc l>MOMrl’  = terminal

type where test is to bc carried, 1,KA’1’ION = location of test as laboratory, site, etc.,

lXKUMJ;N’1’ = test document, and ASSIGN ‘1’0 = name of person responsible to

pmvidc MI pmccdurc.

‘1’able 3 shows tbc functional rcc]uircmcnt  tc.s( traceability matrix, where

1’R’1’Y = primit  y

‘1’1;S’1’  M1i’J’1 101) == mcthocl of vcx ifyingA’al  i dating the rcquircmcnts:
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A: Ana]ys]s

1: IIlspcctic][l

‘1”: ‘J’cs[ ins

“ J ’ ]  XT/CASf i =. is the sc[ of tcs[s and casm wiltlin IIlis scl

“1’ab]c 4 snows tlIc Icql]ir-cnlcr]ts  c]assificatior)  Inatrix, and  ‘1’:ib]c 5 Snows the rcquil-cmcmts

changes. Table 6 shows IIIC functions] ux]uilcmcnts  that al-c to bc dcfcrrcd,  with

I’R’1’Y = priority

S’I’Al’ = partially dcfcrrcd (P), or

wim]c (Icfc.rrcd  (N)

and IMI’ACH’KY3MMI  iN’1’S =- give.s the dcfcrmd unt i I date.

l:igure  1 shows a simple metric depicting tllc number of rcquircmcnls a]locaml to lhc

total number of rcquircmcnts.

Conclusion

‘1’raccabi]ity  is increasingly becoming onc of the most in~por[anl  tenets of ‘1’otal Quality

Management (’J’QM).  ~’race.ability helps dcvclopcrs to produce the right procluc.t  right,

wi[h lCSS dcfcc(s,  rework or scrap; and a]so irlsurcs customers c)r users to rcccive,  products

(I]:it meet [Ilcir needs and satisfaction, ‘1’lm  overall benefits to both dcvclopcrs  and usc.rst
inc]udc  ,high quality product within, pcrce.ivcd  buctgct and Schcctulc.

,,

“1’hc rcscarcll dcscribcct in this paper was carried out by the .lct l’ropulsioII
1,aboratory,California  lnstitutc of ‘1’cchnolo~,y, under  contract with the. National
Aeronautics and Space Administration,
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TabIe L Antenna ControIIer  RepIacexnent  (ACR) Task

Functional Requirements Baseline

,
il 3,53. ?.f4 I PwWic %mrts. The ACG shall generate @odii reprtj to provkje antenna status and ~iticm / A,1

I
1 APC

;( for users w rmd this data. ~ ]~
, :1

~ 3.5.3 .1. !4.1 Tbs8 retorts shall & in acmrdarm  w’th Refere~ Dw~nt (7), 82&l 6. Al 1 1 APC (

!; 3.5.3,1.15 i Grmhic Dsolays. me ACG shall generate an overall graphic display for the DMC whti shows
I synootk hmh-bvel sb!us  ad  configuradon of the antenna ati eaa? of its major twsemblks.

A APC ‘
,,

t<
~1

1,
~~ 3,5,3,1,16 ] cad W W@lays.  % ACG shall generate d~piays showing detailed monitor and control, Ii

I cerfofmaw, ti status information.
lA1’~ I

!i
APC

,,

I (i,,
‘ 3.5.3 .?. ?7 ] Fault Isolation. In the eve.!o! a rnalfuncdon, and when so directed, tie ACG SW, l~~e w f~.,~ Al, ! APc  I ~
,’ ,,1 ‘a the lowest replaceable rncdule and reprt Wis to the DMC ocerator. , ~! i

!; 3 5.3.1 ,17.!

“ \

Ahernate Operathg Was. If there is a buift-in altemadve cmability,  this shall be suggested !O lAlf~ APC ~
III

,, ~ he WC oowator. I I I
It

‘ 3.5.3.7 78 I Mb? %qe. ~ ArX- sW!  S!W? a!! conf@xa”~ and prediction data in non-voktik  memoryII ~A~l~ APC i
‘ nd provide the capability to automatically resbrt  after a power outage up to the point of actual j,a ~,
! antenna motion. !1 I

II if ,1
<’

!! 3.5.3.1.19 Shutdown. With a si@e  command, the ACG shalt provide the capability !O prepare the antenna A APC j ~[

~~
fw www shutdown for an indefinite time and perform that shutdown.

:! 3.5.3.1.20 I Tm and Trning @ta.  The ACG sharl axspt time and timing signals in accordance wifh
.!

‘ A 1
Peferem D@x~n\ (6), 8=17.

APC
Ii
‘i

I I
!~ 3.5.4.1A / ?r;;ng Modes. The antenna shall ?oIIW the predicts orw”k%d In one of the formats listed blow: ] A ‘ 1

1/
APC

1! soacema~, using or%icts as defined in Referenca Document (q, 820-16, TRK 2-205 ,
li

3,54.1,9 I Tracking Modes, The antenna shall fohv the predicts prwided  in one of t% formats l isted Mow: I A / 1 I A,DC  ] i L

(2) Local, using oredk?s as defined by multiple points of toccxxmtric  hour anglekkdination I I
or azimu!h/elevatbn, range, day of year, and he. Up to IfXX) data points shall be

,,

,1 ,
I

accepted, stored, and utilized.

‘ 3.5.47, C
I

~ TracWng  -. ?he antenna sha! follow the predicts prwided  [n one of W formats fisted below: A ‘?] APC
I !

~

(3) S@araal, using predicts defined by geocentric right ascension, dedirtation, range, day of
I
1:

I year, and time. Up to 1003 sets shall be aaspted, stored, and utilized. 1
J ,
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Table 2. Antenna ControIIer  Replacement (ACR) Task

Functional Requiremen&  Test Strategy

1;

r,
I! ,... ,,,, .

REQ. f~ [ ‘; ““ :: :’:;..:;::’:,  ‘, ,, ~~  .,: .,:~:y  ::, ~~~
,.. ,,

To253:!G ~ De!ai@d 9isolavs. The ACG[APC] sha!! generate displays showing detai!ed monitor and control,
B L. cI oq’ormanm,  and sta!us information. i sTp ~q

{
1; 3.5.31.17 ~ ~aljt  !SO!3tio.. !. tie event~f  a rna[pJfi~~Qn, and~nsodir~t~, ~?e A~GIApq$ha[I  f=~e tie

‘D
; c s i SW SIPj fault !O !fw lowest replaceable modu!e  and report this to the DMC operator.

1, ~’ ~ %?rg, !R5neidg !:

~: 3.53.1,171

,;
1 1,

II
~ Al!erna@ Operating Modes. !f there js a built.jn altemawe  capabi!i~, ~!lk shall be SUg@bd  !IJ

t% DVC operator. D c, s sTD ~ 3erg/A?!s:rom
!:
i 3.53.1 18 ‘ (

,’
~ Data Storage. The ACG[APCJs hall store all configuration and predic!!on da’a in non-volatile

‘3/ L, C STP t &.cmemory and Provide t% ~~abifi~ to automatielly  restart after a power outage up to the point of
1’ ac!ual antenna mo!ion.

I
4I .%u!cknvm. With a sincje cummand, the ACG[APCJ shall provide the capability to prepare the1 353!19

I antenna for oower shutdown for an indefini@ time and perform !hat shutdown. E S I STP, SIT’J : !krg,  Sc’?neider ~
( I

; 35~12!) I , 4~ Time ard  Timing Data. The ACG[APCJ shall acc?pt time and timing signals in amrdan~ wi!h !
i, I-VW i. c i  ATP  ST~ AMrom, %rg !~ Wwence Docvrrwnt (6), 820-17.
,1

] ,

i 3541A
I

1 Tra@@g Mode. ~ a~:~nla shaf’  fOf!OW h prd~ Provided h one 0! !!le formats fisted below:  I
!1 I (1) M~ L, C, S ] STP, SITD i Berg, Sdneicfer ;Soaa?aa~, using o & & a s  d9fiv@ !R !?eferenm Docsmen: (7j, 8%1 6, TRK 2-205 I

I
35dl~ ,Track;ng Males. The antenna sthall  follow the ptic?s provided in ow of tbe forma~ fis:c@ !AJW:

~ (2)
lM~

L, C, S ~ STP, SITP 1 Berg, SChwider ~Lod [mode !racking shall use an azimut!l/elevation or hour-angle/d~ination  predict to I

I ;,point !% antenna at a fixed point in the sky]. Up to 1000 [predict] pink shall be
I Iaccep!ed,  stored. and utilized at swdied times.

,, I I
~,~,d,~ c ( ,~ T?aCwnG ?&d%. The an!enna shall follow tie pfd~ provided in one Of the formats  listed be!OW: ;

~ (3) - Vsidereal, using predicts defin~  by geccentiic right ascension, declination. Up to 10W i L, C, S ] ST, SITP %rg,  Schneider !
1: I 1

[siderial Doh!sJ shall be ac~pted,  stored, and utilized at specifi@ times.
,1 I jl

1 ! [!; 3541D I Tracking Vodes, The antenna shall follow lhe predicts provided in one Of the forma~ fist~ IAOW:
lMj

I
(4) LC, S 1 SW, .y~p  ‘~ P - e r g ,  Sc%e@r  ~~Planetay, using Predic& defind by three  groups of geocentric right ascension,

declination, range, day of year, and time, from 0.1 hour to 48 hours apart to detine a

I
darie!ary  trajectory, Up 10255 groups of these predicts shall be accep!ed, stored, and
utilized. 1’

, \
~1 I ;~

I 4! Tracking Mmjes, The an%nna shall ‘OIIOW Lf?e  EXWSS  prvtided  in one of the formats MM’ below: ~:35~1E
I (5) Cross-sucow!, using geocentric improved inter-range vectors (lFIv),  as defin~ in v / L, C, S ~ ST?, S!TP &rg, Schneider

II

I ~~
Peference Document (1 O), 820-13, TRK 2-17.

I 1,

-8-



TabIe 3. Antenna ControIIer  Replacement (ACR) Task

Functional Requirements Test Traceability .Nfatrix

REO. {D / P E R F O R M A N C E  REOUIREMEWS  ‘“””’
~’”’”’ “ ’ ”

PRTY
‘“ ““
“TEST TEST/C DOCUMENT ASSIGN TO COMMENTS

I MTHQ ASE I
! I

3.3.2.1 Surface Accuracy. Theantenna shall provide a combined primary, A I 4.1 SITP Rochbla!’fiung
secondary, and 6WG reflector surface RSS of -dl.024 inches at the

‘ rigging anglefnomina!ly  45deg~ees,  witinotind, anda~tined RSS
Of .d.oz65 in any elevation position from 101080 degrees with no
W“nd.

3.3.2.2 1 Noise Contribution. Tfwan!enna sha!lkdesigrwd sot+atthezenitb A I 4.3 s~p gritc!iffe
noise contri~u~ion generated  by he antenna  at ei~her S., x., or ~a.~~~

[ duetoall s9i'lovem,  lea&~, and~Kering llRlosses, includng any ]
d;chroic  rekctor, is as follows:

s-band 10!(
X-band 7K
Ka-band 13K

I I
3,3,2,3 I  ~lsci~”~y T%e 34-m YWGa~te~masha~!we!Lbe ‘o!!ow”ngeficiency I A  1 I ! Bri!cf iYe

! reouirer&ts, w+h !% ,fierskwfi-g !%! o!!!er  subsys:em eauipment I
I

\ ma~,~  ~ewire~to  perform~ese  measuremen~. ~efolfo~n9 I ] ‘ I 4 “ 2 i ‘mp
,
1

1 e!flclencfes include all antenna elements, exceDt the microwave feed “R
(OSSeS and vol~ge-standing wave ratio (VSWR):

Eleva~on/~nd.GH~ 2.3 8.4 34
10” 81% 8 0 %  4A%

\ ;:
82% 83% 53%
~j y’ 794 447.

3.3.3.’ Da !h Leng!h Skbility.  The antenna shall be designed to provide a I 4.5 SITP BritcliffeNung Unbown at t+is !ime/  !est requires
one-wav  path !ength  s*abi!ity  to limit the uncertainty of the antenrw completed  an!enna  svs!em
contribution to :he phase  residuals such that the AlIan deviation o! the
an:enna contribution to the signal is less t+an 2.7 x 10””-15  for sample
intervals O! 1,000 to 10,000 seconds under the fo!low”ng conditions:

Wird . no higher than ! O m~

Weather  - clear, cloudless conditions
Gravitv - ‘rem 20” to 88° an!enna elevation ana!es

-9-



Table 4. Antenna ControIIer  Replacement (ACR) Task

Functional Requirements Clarification

1,

~;
! 1:

RECI. ICI ~ ORIGINAL REOUI REMENT CLARIFICATI@l II
,:

1; 33L’ ~ “ew ‘ate

,
The m in imum stew rate in each axis shat~ be 0.8 deg/sec. S[ew  Rate. The s~ew rate in each axis s5a[~ be !2.8 deg/sec  as a

minimnn.
!:

i; 3.3.4.2

‘1
I

I
I Tracking Rate. The t r ack i ng  r a te  i n  each  ax i s  sha[[ be frcm 0 . 0 0 0 1  \ T r a c k i n g  Yate. T h e  r a n g e  o f  t r a c k i n g  rate sha(  [ & ~tween o.0001  :0 !,

1’ to  >=0.6 ~eg/s~c. 0.4 &g/s.ec, a s  a minimum. 1,1,

~~ 3 . 3 . 4 . 3  ~ A~~e[e~a~jon.

II
T h e  a c c e l e r a t i o n  i n  e a c h  axis sha[[ be >=0.4

l; ~ ‘=5.0  deg/sec.

<I:

Acce[erat ion. The accelerat ion in each axis s5a(  [ be 0.4 d.eg/see** 2, or ~

p I deg/sec**2 UP ?0 a  rate of 0.4 c?eg/sec. g r e a t e r ,  UD :0 a r a t e  of Q.4 deg/sec.

]! 33.4~ ~ oe~e~era~jon-
4
~j

The decelerat ion (braking) in each axis sha[[ be L)ece[erat  ion. The d e c e l e r a t i o n  in each axis sha!t be 5.0  deg/sec**2, or II
g r e a t e r .

,1

;~
3 . 3 . 4  . 6 . 2  ~ Motion  L i m i t s . The range o{  e~evation motion sha[t be between 6 and 89.5 c!eg, as a

Ii

II
The an tenna  sfia~~ be capab[e of row ing  t o  any  pos i t i on  w i t h i n  t he minimum. :!

il
‘o Ltowing Limits.

1:

1,
I E[eva~fon. E[evation operational (imits sha[[ b e  =<6 deg ard >=89.5 i

;~
,,

I ~ +g .
\ 1,

I I

:1 3.3.6 :

!1

The subref[ecto. s~a~ [ be  moun ted  on  a  pos i t i one r  wh i ch  a[ [OWS it to / T h e  subref!ector s+a! L be nwuntec!  o n  a  p o s i t i o n e r  which  a[ !OWS {: to & ],

! be moved  i n  ea t>  ax i s  (axia[ [y, X, Y) to ootimize the  f ocus ing  o< ~ ~ved  in each axis (~ Y; “i) to oDtimize t5e f o c u s i n g  04 t+e

‘1

,!

the Oo!; cs. i ODti  CS. II

~i 3.3.6. f. I Accuracy. The p o s i t i o n e r  shal. ! b+ ebl.e  :CI \CW.  Wp ~he SuJJ.  eZ(cc:or
,)

\ Accsracy. The cmsitioner shai.  i ‘ b e  abte t o  Locate :he s~,kreg[ector 1!

~ wi:hin +or - 0.010 inc$es 0< t?e a s s i g n e d  p o s i t i o n  re[ative to the
II

i wi thin ●  o r -  C . O 1 O  incfies  of the a s s i g n e d  ,~sition re[a:+ve  to :he
~ Cwac’riood  center ‘or eacl 04 i~e three a x e s . wadrfmd center Cor  eat+  ox :+e M & axe5.11

~; 3.5 .2.3
1

Antenna Point ing Contro! Func t i on . The antenna fminting contro[ An tenna  Po in t i ng  Contro[ Func t i on . T5e an tenna  ~intfng coI:ro!
;,
II

‘unction  s+a[[ pe r f o rm  coorc!inate c o n v e r s i o n s ,  ca[cu[at ion 0<~:
f u n c t i o n  s!la[[ Krform coordinate c o n v e r s i o n s ,  ca[cu[ation O{ of~se:s :0 ~,

: o{  fsets to c o m p e n s a t e  for s y s t e m a t i c  ard r e f r a c t i o n  e r r o r s ,  storage
Ii

cofroensate for s y s t e m a t i c  a n d  r e f r a c t i o n  e r r o r s ,  s t o r a g e  of syst~tic  II
o; sy5:em  error tab[es and coqs!ants,  c o n v e r t  Predicted skY ] error tab!es and c o n s t a n t s , conver t  predic ted sky ps;:ions to an tenna

;; j POSfti  OnS to a n t e n n a  pointing Dositions, and  SU~~y these to  the [ p o i n t i n g  pw.itions, and  SUPPLY these to the antenna servo concro!. \i

]; antenna servo con:ro! .1 ,

~ An tenna  Se rvo  Contro! ~unc:  ion.

,
it

/] 3 .5 .2 .4 The antenna servo contro[  function T h i s  f u n c t i o n  shal.  [ c(ose the pxition LOOPS for the a n t e n n a  a x e s .  I t  1

~!
s~a!( ~r~orm a~[  ~unctions associatd w i t h  p o i n t i n g  t h e  a n t e n n a  at

1 :+? tai-~e.t.
sha![ issue rate comnands  to t h e  a n t e n n a  d r i v e s .

T h i s  inc!uc!es accecNing p o s i t i o n  ccomands,  cwmaring
tfie actua[ a n t e n n a  oosit ion with the comnarded  pos i t i on ,  ad i s s u i n g

ii

, drive comarm’s  to the servos to ma in ta in  t he  an tenna  po in ted  a t  t h e
I

~~

/ cmmaded p o s i t i o n . II
,

I ;~

I 3.5.2.5 i Subref[ector  Contro[ F u n c t i o n . T h e  subreflector contro[ sha[ [ I  Simi L3F ?Q t$e p.ntenna SCrVO ~ontro[ F u n c t i o n ,  t~is ~unction sha[! c[ose ~~

~j 1 determine the a n t e n n a  p o s i t i o n , d e t e r m i n e  the ootimm  subref[ector t h e  p o s i t i o n  LOOPS for the  subref~ector  a x e s .  :t sfia!! i s s u e  rate

\ cmition, ccmare the  ac:ua[ msition w i t h  t h e  optimun va[ue, a n d

‘~

ccmards to the subref [ector d r i v e s .
I i s s u e  ~ve c~tis to the  su!xef [ector  d r i v e s -

1
3.5.2.5.1

I
In  addi t ion,  t he  subref[ector contro~[er  shal[ contro[ the feed : NO change I
se(ect ion mechanisms on t+e 70-m and 34-m BUG  antennas.

J
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Table5.  Antenna Controller Replacement (ACR) Task

Functional Requirements Changes

.li -
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